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PARI' I 
CI-I.APTER I 
INTRODUCTION 
Purpose and Procedure 
The purpose of this :i:·eport is to provide a unit in Ecology which 
can be introduced in High School Biology. This report is to be used 
as an additional unit in a high school biology course. The major 
objective is to introduce the basic ecological principles associated 
with the science of life and give attention to laboratory and field 
work when one of these principles needs to be illustrated. 
There are three ways in which this report may be used as a workable 
unit in ecology. The teacher can use whatever plan fits the situation 
best. It is considered an end of the year unit; but if the teacher 
choose he may introduce the unit when it is best suited for his class. 
One plan is called 11 the individual plot problem. 11 Each student is 
faced with the following p:t"<>blem: to carry out a complete ecological 
study of a 15 1 x 60 1 plot of land which includes three differenct 
ecological communities. .A final report of findings is required.1 
In this problem each student will select and stake out a plot from 
which he will work out his ecological problem. Each student will be 
lnaniel lee Dindal. Eco~ .Studies in ll1i:ll. School Biology. 
American Biology Teacher 23(5) (Ohio. 1961). pp. 281-282 
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given a laboratory or field work sheet that he will follow each time the 
class goes to the chosen area to be studied. The student will be able 
to work at his own rate of speed. This will give the teacher the oppor-
tuni ty to determine which students worked while in the field and those 
which did not. The teacher can check the students t wo:rk at the end of 
the week or at the end of each field trip with a quest.ion and answer 
.report which each student must complete before leaving his plot. This 
will help :t'educe any foolishness or unnecessary activities that hig.ri 
school students tend to do when getting away from the school building. 
A second plan is called the 11 group study of ecological cornmuni ties. 11 
This plan involves the same type of problem. Instead of an individual 
student studying a certain plot., a group, consisting of not mo:i.~e than 
three, will study a plot of a larger area. This plan is practical fo-r 
a large class (mo re than fifteen) . 
A third plan can be used where it would involve the whole class 
studying a selected area for ecological study. In this plan the class 
will be divided into three groups. Each group will have certain types 
of comm.unities to observe and ce.rtain organisms to collect or identify. 
Each group will be responsible for whatever is assigned to them. For 
example, if one group is assigned the insect community o:c- habitat of a 
given area they will be r·esponsible for the collection and/or identification 
of the insects seen in the assigned area. 
The procedure and detailed information of each one of these proposed 
plans for the field problems in this unit a.1·e found. in Part II of this 
report. .All the assigned communities for each problem are outlined in 
Part II. 
J 
Preliminary Planning 
A number of preliminary plans are to be made. Each student will be 
given a dittoed explanation and instr1lction pamphlet. All of the field 
guides which are needed for the identification of plants and animals of 
the different communities will be placed on :reserve in the school library. 
This will enable all students to have equal access to these guides. If 
the necessary guides and references are not available in the school 
library, the community library can help by reserving all available mate-
rials it may have on ecology. 
Alternate plans should be made for related classroom labol:'atory 
work in case of rainy weather. In this situation the studentst time can 
best be utilized by conducting any laboratory work which will need to be 
done in completing their ecological problem. Also the students can use 
this time spent in the classroom for research or any other study related 
to ecology. 
Arrangements can be made with the physical education teacher to 
have the students change into field clothes in the locker rooms. If the 
teacher feels that this plan will take up too much valuable time, ar:r·ange-
ments can be made wlth the school principal to let the students wear their 
field clothes to school. 
It will be understood that each student or group of students may 
spend additional time in his community plot. This will include time 
after school or on week ends. 
When studying this unit one will want to spend considerable time 
in the laboratory. Considerably more field work should be emphasized 
in order to interpret the knowledge gained when studying the ecological 
principles. 
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This unit consists of two parts. Part I is concex·ned with baSic 
principles in ecology. An attempt is made to state these principles 
briefly and concisely without complicated details. 
Part II is organized for laboratory and field work, and emphaSizes 
the descriptive phase of ecology. The autho.r has tried to make it 
possible to begin, either with Part I as a formal lecture course to 
learn the basic principles, and then apply these principles to the 
study of outdoo:r· habitats through the use of Part II. 0:r to use Part 
II wheneve:r· a basic principle needs to be illustrated by the field and 
labo:r·atory wo:rk. Thus, it is the intention to make the arrangement 
fleXible and adaptable to various uses and situations. 
It is hoped that this :report w-lll provide some enrichment to a 
biology course and aid in supplying information about the science of 
Ecology for High School Biology. 
CHAPI'ER II 
ECOLOGY AND ITS RELATION TO OTHER SCIENCES 
Ecology is one of the rapidly advancing frontiers of science. Man 
has been inte:r·ested in ecology in a practical sort of way since early 
history. But it has been just recently that he has recognized it as a 
d.istinct field of biology. The wo:i."ti "ecology" is of recent coinage, 
having been proposed by a Ge:cman biologist, Ernst Haeckel in 1869.l 
Ecology is a subject which is both observational and experimental, 
as opposed to the strictly experimental disciplines of the laboratory 
work in chemist:r·y and physics. Ecology is the study of organisms in 
relationship to their environment. This means then that one cannot 
remove the o:r:·ganisms from their natural environments to study them in 
the laboratory, it is necessary to go where they are and observe them 
there. If one cannot pe:rform the desired experiments or make the 
necessary observations under natural conditions, then it is necessary 
to duplicate natural conditions in the labor·ato:r·y where certain factors 
can be cont:r·olled. 
Subdivisions of Ecology 
Ecology is commonly divided into two major groups, autecology and 
synecology. .Autecology deals W.Lth the study of individual organisms or 
1Eugene P. Odum and Howard T. Odum, Fundamentals,. of'. Ecoloi:Y. 
(Philadelphia, 1959), pp. vi-vii. 
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individual species. Synecology deals with the study of groups of 
organisms which a-re associated together as a unit. Thus., if a study 
is made of ponderosa pine., the work would be autecological in nature. 
If the study were of the forest in which the ponderosa pine grows., the 
approach would be synecological. In autecology attention is sharply 
focused on a particular organism with the pu.rpo se of seeing how it fits 
into the general ecological picture. In synecology the ecological 
picture as a whole is considered. 
Synecology can be further subdivided acco:rding to the level of 
organization. Thus., we may speak of population ecology., community 
ecology., and ecosystem ecology. As a matter of fact., the present 
tendency is to divide ecology into four subdivisions, without reference 
to the terms autecology or synecology., namely: (1) species ecology., (2) 
population ecology., (.3) community ecology., and (4) ecosystem ecology.2 
As true in biology in general., ecology may be subdivided along 
taxonomic lines., such·as, plant ecology, insect ecology., microbial 
ecology., and vertebrate ecology. Study in these specific fields is 
profitable since attention is given to the ecology of that group, and 
to the development of detailed methods. 
These subdivisions a:re useful, as are subdivisions ,of other sciences., 
because one specialize within the field of ecology. 
2rb· d ,. 1 ., p. t>. 
CH.API'ER III 
PLANT AND ANIMAL COMMUNI'.i'IES 
Every reflective biologist must know 
that no living being is self-sufficient., 
or would be what it is, or would be at 
all, if it were not part of the natural 
world ••. 
Living things are real things •••• but 
their reality is in their inte.r·relations 
with the rest of nature, and not in 
themselves. 
W. R. Brooks, Heredity and Varfa-
tions: logical and Biological 
One of the many approaches to the study of ecology is the "comm.uni ty11 
approach. The word community is used in many ways~ but in general it may 
be defined as all of the o.:c·ganisms that exist as interrelated members of 
a given a:r·ea. The size of the community will depend upon the degree to 
which the environment may change in a given geographical axea and the 
ways in which the changing environment affects the organisms which are 
present. Usually the combination of one or more major environmental 
factors., such as., moisture, temperature, light., type of substrate, etc.jf 
will determine the limitations to which a community will exist. A tropical 
flower, for example, can exist only where there is abundant moisture. 
Plant and animal comrnuni ties may be studied separately, but as realized 
1men H. Benton and William E. Werner, Jr., Principles Q.1: Field 
Biology .aw. Ecology (New York., 1958)., p. 56. 
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by ea:cly ecologists such as Clements, .Adarns, Shelford, and others, plant 
and animal communities are inter·dependent for their very existance. 2 
Factors Determiru.ng Communities 
There ax·e certain environrnental factors which are of prime i.mportance 
in determining community types. These are such factors as topog:raphy, 
soil., and various factors of the climate such as rainfall, wind, temper-
atu:ee, length of growing season, etc. These a:r·e physical conditions 
which are i..rnpo.rtant in dete:rmLning the type of vegetation growing in a 
given locality. The type of vegetation will have a definite effect on 
the presence o:i.0 absence of aru.mal life in a certain com.mum. ty . 
.li.Qw .P~nts ftoyide An ~ironment 
The effects of the plants upon the place in which they live and 
their influence upon each other are especially significant. When t1:·ees 
develop in an area, they greatly modify conditions for g:r·owth by 
decreasLng light and lessening the force of the wind. The loss of water 
from the soil through evaporation is decreased due to the covering of 
mulch by the decaying leaves, and the air is more humid und.er a leafy 
forest canopy. 'rhe tree canopy will provide an environment for shade-
loving plants which thrive in cool, moist, shady places.3 The shading 
can pr·ovide the r·ight type of environment for var5-ous species of fish 
or amphibians, which could not normally survive where light intensity 
is very high, 
2Ibid. 
3John E; Weaver and F.rederic E, Clements, flant Es:olo_gy (New Yo:ek, 
19.38), pp. 1-2. 
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Tgpograp,h;v. 
Topography describes the general lay of the land, whether the area 
is hilly, flat, mountainous., etc. Topography will cause a great va't'ia-
tion in habitat forms. For example, hilly and mountainous :r-egions are 
apt to have a wider variety of environmental conditions than flat areas. 
There is a gt-eatet· oppo:rtunity fol:' variation in moisture, light., and 
other factors. Each one of these topographical differences will 
consequently pl:'oduce a different community. 
Variation in topography can cause a variation in vegetation of the 
same general region. North and south facing slopes in northern hemisphere 
show there are differences in vegetation and are d1.1e to the interaction 
of light, temperature, and moisture. Although species differences are 
not great, a south-facing slope supports a much sparser., more widely 
spaced stand of vegetation than a north-facing slope., for the most part., 
is due to the amount of light which strikes the surface. The slope which 
receives the most light will obviously have the highest temperature and 
the:r·ef'ore be ~lg (drier). The north-facing slope would be characterized 
by having less light reaching its surface., more m~siQ. (between wet and dry)., 
and temperatu{-e staying lower than that of the south-facing slope. The 
tYPe of vegetation g~rowing under the environmental conditions of a 
north-facing slope would be nearly all mesophytes. The south-facing 
slope would have vegetation consisting mostly of xerophytes. There would 
be other varieties depending on the degree of the slope. For example., 
one can observe moss growing on the north sides of trees which indicates 
the combination of light., tempe:r·ature., and moisture are such that this 
type of plant is able to th:rive under these conditions. 
10 
.Alti:t_udsi 
Elevation can produce a numbe:r of changes in community types. As 
one ascends a mountain, the temperature begins to go down, particularly 
if the mountain is sufficiently high. Other changes, such as, the amount 
of precipitation, difference in wind velocity, and in general the environ-
ment becomes more rigorous, The changes due to elevation will be great 
enough to cause the appea.t·ance of several diff e :i:·ent comm.unity types from 
the bottom to the top of the mountain. 
There are certain vegetation zones that one would readily notice with 
increase in altitude, particularly in the Rocky Mountains. By referring 
to Figure 1, one can see the different comrnuni ty types found in the 
western United States. All these community differences are primarily 
the result of change in temperature and moisture due to change in 
elevation.4 In Figure 1 there are lines which mark off the vegetation 
zones of the different community types found in the Rocky Mountains. 
These zones are characterized by the overlapping of vegetation when one 
ascends a mountain. The tenn. used to describe overlapping of two different 
types of vegetation is ~£.t2.!l§.. This condition is primarily due to dif!er-
ence in amounts of moisture received in the area. 
Clim,~te 
The most important factor which determines community types is 
climate. The climate controls rates of topography changes. It is 
instrumental in d.etermining vegetation type and associated animal life 
in any a't'ea. The developn.ent of the soil is controlled by the climate 
4Benton and Werner, pp. 56-61 
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and will regulate the rate of repopulation and development of communities 
in which life has been destroyed.5 
The rate of topography changes is controlled by climate. Rainfall, 
temperature, and wind are three essential physical factors which will 
determine the deg·ree of topography change. The amount of rainfall 
ordinarily will determine the amount of erosion where seasonal changes 
of temperature are great enough to cause alternate freezing and thawing 
than more unifonn temperatUl.-oes where freezing and thawing are not 
involved. Similarly, winds can vary the amount of erosion. Where land 
is plowed extensively and winds are strong erosion is considerably 
higher. 
Climate contt·ols the type of vegetation growing in an area. Plants 
are dependent on several factors of the climate, principal among which 
are rainfall, temperature, and length of growing season. Each one of 
these three physical factors are closely interrelated and together will 
greatly influence the difference in vegetation,in a given region. The 
tropical regions, for example, have a great amount of rainfall and rate 
of evaporation f.rom the soil is low thus prod11cing a difference in 
vegetation than areas which have less rainfall and high evaporation 
rates, such as, deserts. Some plants require a longer period of repro-
duction than others, consequently, the length of growing season (frost--
free period) would have to be longe:r before the growth and reproduction 
of the plants could flour·ish. As mentioned previously, the type of 
animals present will ultimately depend. on the type of plants growing, 
thus makLng the climate the ultimate cont:t'Oller of the whole comrnuni ty. 
1.3 
The importance of climate will be more fully understood when studying 
ecological succession in the next chapter. 
Types of Communities 
The continent of North .America is covered with three great types 
of vegetation, namely, forest, scrub, and grassland. Each of these 
three types of vegetation are in themselves composed of strikingly 
different communities such as evergreen and deciduous forest, which are 
found in climates equally different. 6 
Due to the difference in climate in certain geographical regions, 
along with other physical and biotic factors, the :recognition of major 
uni ts of distinct life-forms prevail in the continent of North America. 
These major uni ts of distinctiveness in life-forms are called .Qiornes. 
A biome is a biotic community, characterized by the highest type of 
vegetation possible under its particular climate. This distinctive life-
form is termed climax, which is derived from the same root as climate. 
The vegetation portion of the biome is sometimes called J?J,an;t fo:qnation. 
The subdivision of plant formation is te:cmed ..12~ a!iisociat.J.Q.ll, :recognized 
only by climax doininants. 7 
The p:rincipal biornes of North .America include the tundra, coniferous 
forest (taiga), deciduous forest, grasslands, desert, and tropical rain 
fox-est. 8 
The biomes discussed in this :report are those which will have 
6weaver and Clements, p. 470. 
7 S. Charles Kendeigh, Animal ,ll:cology (New Jersey, 1961), 
p. 276. 
8Benton and Werner, p. 67. 
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significance to the laboratory exercises of Part II. The biomes not 
related to Part II in this repol:·t will only be discussed in minor detail. 
All other biomes will be considered in respect to its distribution of 
vegetation and plant association, and the various animals expected to be 
found in these types of corn.~unities. 
Tundra Formation 
The tundra area is characteristic of severe cold climates of the 
north and high mountain tops. It lies between the no:r-thern limits of 
trees and the area of perpetual ice and snow in the far north, or above 
timber line in high mountains. 
Vegetation is low, dwarfed, and oft.en matlike, and includes a high 
proportion of grasses and sedges. Even the woody plants, including willows 
and birches, are usually prostrate. The herbs are mostly perennial and 
of a rosette type, prod11cing :relatively large flowers. Mosses and lichens 
grow anywhere and in some habitats form a thick carpet with low herbs. 
The summers a:i:·e very short and its tempe.r·atures are very low. Light 
is continuous throughout the growing season. Precipitation is in the form 
of snow and varies greatly. Water is often a critical factor because of 
the drying winds in the summer which produces high evaporation rates and 
transpiration. 9 
Coniferou§ Forest WlllJ.ll...atl.Qn 
T~e coniferous forest is continuous, often dense, forest of needle-
or scale-leaved everg:reen trees.lo Coniferous forests a:re found for the 
%enry J. Costing, lb!i Studl'.' of l:J_Jfil] Co.rnm1im._t1.~ (San Francisco, 
1956), pp. 272-273. 
10Kend.eigh, p. 301. 
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most pa:r·t, whe.re the seasonal. distr·:Lbution of the rain is similar to that 
in the deciduous forest region but where annual p:recipi tation and the 
temperatures are too low to support deciduous forests. An exception to 
this statement occurs in the southeastern part of the United States whe:r·e 
the greater pa1·t of the co stal plaj_n south of New Jersey and east of Texas, 
with the exception of the southern end of Florida. is occupied by conife:rous 
forest under a rainfall of 50 inches o:r more. This is due primarily to 
alti.tude.11 
'l'he amount of rainfall varies in the coniferous forest between 15-40 
inches and :is mostly summer rain. The temperatu:ces vary f.rom a winter low 
of about -20°F to a su..mmer high of about 70°F. 
The plant associations and their general locations are as follows: 
.Association 
Pine-Hemlock (linus-Ts~) 
Petran Subalpine Fo:i.'est (Picea-
1:;i,nus) , Engelmann and Blue spruces, 
fir. 
Sier~an Subalpine Forest (Tsu,g§-
~), Mountain hemlock, pine, 
subalpine larch, and red fir 
Petran Montane Forest (.£.:;.nu~ 
.f~udots1.1.m), Ponderosa pine, 
Douglas f I :c, and white fir 
Coast Forest ([huja-Tsuga) 
Western hemlock, western red cedar, 
Douglas fi :c, Spruce, Redwood 
General Location 
:tl.dnnesota to New England 
Appalachian Mts. south 
Rocky Mts. of Arizona, New Mexico 
Cascade Mts. and Sierra Nevada 
At lower elevations of Rocky Mts • 
Northwest United. States up into 
.Alaska 
In North .America, the deciduous forest is best developed in the 
11w. B. McDougall., fulrt 1/;coig,gy (Philadelphia, 1949), pp. 197-198. 
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Eastern United States, although elements of it are mlxed with conifers 
in the North and West. 
Precipitation for this fo:rmation in North America varies from .30-50 
inches. For the most part rain falls periodically throughout the year 
with snowfall in the wintertime. The temperatures are between lCJOF to 
f:IJ°F for the coldest months and 70°F to 80°F for the warmest months. 
The average mid-day relative humidities during July range from 75 per 
cent in the East to 50 per cent where the formation contacts prairie in 
the West.12 
The climax of the deciduous forest is dominated by broad leaf trees 
which form a close canopy, except wher·e the plant formation verges on 
prairie, and here the forest gives way to savannas containing scattered 
grov~s. All season aspects are well defined. The trees are intolerant 
of freezing temperatures over winter· and hence are shed. in the North 
during the autumnal aspect. 
The following p:dncipal plant communities of the deciduous forest 
formation are found in North America:1.3 
.Association 
Mixed Mesophytic Forest U4.riofl.end:wn-
Q..q,Eu:c.4-~), Rich mixture of t:rees, white 
basswood and yellow buckeye 
Oak-Chestnut (..Q!Je_r9.~§) 
Now largely destroyed by blight 
Oak-Hickory Forest (Q,ae:cg"~C~.IY.~) 
12K .. gh ena.ei , pp. 29.3-294. 
13rbid. 
General location 
Unglaciated Appalachian Plateau 
.Appalachian Mountains 
Ozark and Ouachita Mountains 
Radiating far into the Pl'ai rie 
along river valleys 
Maple-Basswood Fo:re st (119.fil:-Tili.§,) 
17 
Wisconsin and Minnesota and 
southward to northern Missou.ri 
Subclimax stands in the south 
Atlantic and Gulf states. 
Where fire is prevented this 
com.~unLty is succeeded by oak-
hickory, beech, or· magnolia-
oak forest. 
The woodland formation is intermediate between forest and grassland, 
Ol' in some places, between forest and desert. Places li.ke north central 
Arizona the formation intrudes upon former xeric g:r·asslands where the 
grasses have been overgrazed. The woodland formation is typically south-
west. It covers extensive areas in New Mexico, Colorado, Uta.~, Arizona, 
Nevada, and California. 
Precipitation in this formation 1·anges from 10 to 15 inches per year., 
and the temperatures va:cy with location. In Utah, for example, the winter 
temperatures reach below zero, whe:r·eas, in Arizona the mercury does not 
:ceach zero. The same is true of sum:ner high reaching not much above 70°F 
in the north woodland and n6t much above 90°13' in the south woodland. 
The woodland formation consists of tl·ees, usually between 10 and 40 
The oak woodland ( WErcgu§-_QQercu.::_1l assoc:;_ation, with digger pine (Plnu§ 
§aQinian~) in cer·tain habitats, is found mostly west of the Sierra Nevada 
but extends north into Oregon and Washington. 
The pinon-ju."liper (hill!§-JUni.12§r..Y-§) association occurs from the easter·n 
slopes of Sierras and Cascades ac.t'Oss the Great Basin to Wyoming and New 
Mexico .15 
liiMcDougall, pp, 201-202. 
15 Kendeigh, p . .311. 
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The grassland or prairie fonnation is the most extensive and the 
most varied of all the plant formations of North .America. It ranges 
from southwestern Manitoba, southern Saskatchewan, Alberta, and British 
Columbia to the highlands of Central Mexico and from western and southern 
Minnesota to northwestern Indiana, southern Illinois, central Missou.i1., 
and eastern Texas to the coast of California and lower California.16 
In general, the rainfall is between 25-40 inches. Seventy per cent 
of the annual :rainfall comes between .April and Septembet·. The wide range 
of tempe:ratu:c·e is from -50°F in Canada and the summe:i.~ temperatures in the 
south of 120°F. 
There are three different climax forms in the grassland fo:cmation. 
These climax perennial grasses may be tall grasses, mid, or short grasses, 
and bunch grasses forming soa.17 
Association 
True Prai rle (Stipa-.fu!.Q.robolus.) 
Big Bluestem, Little Bluestem, 
Indiangrass., Switchgrass 
Mixed Prairie (Sti.rua-Bouj;!eloua) 
.Association. Needle grass, 
Wheat grass, Blue grama, Bufflo-
g:r·ass, Purple th:r·ee-awn 
Short Grass Plains (Bouteloua-
J:,uchloe) association. Bufflo-
grass., Blue gram.a, Hairy grarna 
California Prairie (§t~~-..f9.EJ.) 
association, me .. /i:.ly mid and 
bunch grasses 
16weaver and Clements, p. 516. 
17Kendeigh, p. 325. 
General Location 
A strip next to the deciduous forest 
extending north to south. The coastal 
prairies of Texas constitute a faction 
of this community. 
V.id grasses confined to the moister 
low areas. Short grasses, to drier 
hill slopes. 
On the Great Plains east of the 
Rocky Mountains. 
located in central valley of 
California almost completely isolated 
from rest of grassland. 
Tieser·t-like Pla:Lns (.A:cistida:-
Bouteloua) association. 
Com.posed mostly of short and 
bunch g:casses 
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Southeastern Texas to southern 
Arizona and extends well clown into 
MeXico. 
Because of overgrazing and control of fire, desert and tropical 
shrubs, such as mesquite, creosote bush, .Q.Q.Y.1.1t.t~ cactus, are conspicuous 
throughout the Desert Plains. 
Des~rt Formation 
Extreme desert is considered to be add wa.steland, with practically 
no vegetation. But deser.·ts also include ar·:d regions which contain 
vegetation in the form of bushes, shrubs, and t.rees especially adapted 
to withstand hot, dry climates. One of the most prominent deser·ts 
occurring in the North Ame:rican continent is located in the southweste:rn 
part of the United States. 
The average annual raLnfall in the desert scrub of North .Amedca is 
not mo:re than 5 inches, and snow is confined to the hig,.11 mountai.n tips. 
Becau.se of the high :cate of' evaporation the :relative humidity is very low. 
The temperatures range f:rom 50°F to 120°F. Charles Kendeigh describes 
the association in the following manner.IS 
Association 
Desert Scrub (QQvillea-Fsari-ser~,~) 
association. Cr·eosote bush, bur 
sage, cactus. The deser·t scrub has 
three factions: 
:Mohave desert 
Low slu·ubs, interspersed 
with the Joshua-tree 
lSibid. 
General location 
Rolling plains of southwest Califo:rn:ia 
SonOl.'all de se:rt 
Tall trees 
Succulent cacti 
Few g:t'asses 
Chihuchuan desert 
Yucca-lilrn sotol 
Shad scale (..htrinlex-.Al'i;'?aj,)}1-..§. 
_:_minesceps) association; Sage-
bJ.~ush CAr:tetlfi.!Ii-...e. ~ridsi~t,11:-
#£~I>X.!'.Q~) association 
Shad scale 
Bud sage 
G:t'easewood and. some g:casses 
Sageb:cush 
Wheatgrass 
Subdivided into Colorado and 
Arizona 
To the east almost completely 
separated by mountain ranges 
Great Basin 
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CHAPI'ER IV 
SIJCCESSION 
For every wound the ointment of time1 
Ecological succession is the o:cderly process of community change; 
it is the sequence of communities which replace one another in a given 
area. Typically, succession begins with pioneer· stages which are replaced 
by a series of more mature conrnunities until a :relatively stable community 
develops which is in equilibrium with the local conditions. 2 All of the 
communities which will be formed and then replaced until the final or 
mature community is reached a:r·e collectively termed a seJ·~, and any one 
corrmiuni ty of a sere is a .§.e.:r·~ .§~a,g~. The final or m.atu.ce comni.uni ty is 
Succession, according to Benton and Werner, Jr., has four basic 
concepts:3 
1. There is a dynamic shifting in the species composition 
oi' the corrmrnni ty. 
2. The species change i. s an o :rde :dy one , so that it may be 
pl.~edicted what coI1111u.ni ty w:I.11 follow an existing community. 
1Allen H. Benton and William. E. We:rner., J:c., Principlw of Field 
Biolo_gy and Ecology (New Yo:rk, 1958), p. 97. 
2Eu.gene P. Odum and Howard T. Odum, &'.1.lllciEL.J!e...tl:]~~ qf l]colg_gy 
(Philadelphia, 1959), p. 257. 
JBenton and Werner, pp. 9&-99. 
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3. The sequence of changes of the community types is 
directional, with each succeeding comrnuni ty type becoming more 
like the climax type, at least in physical charactet·istics. 
4. The ultimate community type is the clin1ax community. 
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As one travels along a highway, one can easi.ly see the variations 
in community types. These variations are major ones. Upon closer 
inspection one would find smalle:t· variations Within a community area. 
Perhaps there will be a boulder covered with lichens and moss in the 
mid.st of a forest community, or a tree which is rotting away on the 
forest floor. These smaller communities will under go a continuous 
change, and in time; will develop into a climax community. Ecologists 
consider them situations in which minute examples of the phenomenon of 
succession may be demonstrated.4 
Succession may begin in ponds, lakes, marshes, and other aquatic 
areas. It may begin on bare rock, wind blown sand, rocky talus slopes, 
or other situations where this is an extreme deficiency of water. Sue-
cession initiated 1n wate:1.1 :;_s termed a hzgtiµa,.gp,, and the different stages 
of the se:ries o:L' sere constitute a hydrose:i;~. The o.rderly, sequence of 
commun'L ty change on bare a:i:·eas is termed 1,p;3:i:·arcb, success:I.on, and the 
diffe:cent stages collectively are termed xero2 ere. A xerosere occurring 
in the same climatic climax as a hyroser~ will end in a sL~ilar mesophytic 
comrnuni ty. 5 
If succession proceeds fr-om an area which is devoid of plant and 
animal life it is called m;:imary s11ccess-~2n. Succession on bare rock 1 
wind blow sand, and talus slopes are all examples of primary succession. 
4rbid., p. 99. 
5John E. Weaver and Frederic E. Clements, fl,an,t Ecology (New York, 
193b), pp. 60-66. 
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'When no.rnial succession is dis-ruptecl by fire, cultivation, lumbering, or 
any other disturbance that destroys the principal species of an established 
com11uni ty it is called secondary _succession. 'When vegetation is destroyed 
by fire, a corn..nunity will soon be established and, althoug..11 the fi~;· 
com.muni ties that develop may not be typical of prim.ar·y succession, the 
later stages again are similar. 6 
In secondary areas many of the products of community reaction remain, 
and succession is rapid. If seedlings and young trees are not destroyed, 
p:cogress of succession tends to exceed that of the original trend. Soil 
is already formed in secondary succession, which is another reason for 
it to proceed at a much more faster rate than primary succession. 
Primary Succession On A Bare Roe;{ (Xe.rose1'0) 
The Lichen Stall§ 
The pioneer stage of succession on a bar-e rock .i.s that of the 
lichen stage. Other plants cannot become established because of the 
ext:reme deficiency of water and nutrients, great exposut-e to the sun, 
and extremes of temperature to wr...ich they are subjected. The pioneer 
lichens can flourish unde.r any of these extreme conditions. 
These lichens are able to absorb water from :cain very rapidly. 
This water along wlth carbon dioxide secreted from certain minerals 
fonn.s a weak acid that sJ..owly eats into the rock. This very imp:>rtant 
p.rocess helps to co.rrode and decomp:>se the rock. With this chemical 
reaction and other forces of weathering, and by mixing of the rock 
particles With their own :C"emains make conditions possible for the growth 
6r-Ienry J. Oostlng, ~ ~ Q! ~ Communities (San Francisco, 
l 94'o), pp. 240-241. 
of othe-c vegetat~on. The rapidity with which a minute amount of soil 
w~ll form is controlled very largely both by the nature of the rock and 
by the climate.7 
Weaver and Clements describe two lichen stages in primary succession 
on bare rock. 8 The very first stage is the crustose-lichen stage. This 
type of lichen can grow under very extreme weather conditions, thus, it 
will establish itself first and is called the pioneer stage. The stage 
following the crustose stage is the foliose-lichen. This type of lichen 
will attach to the substratum at a single point or along a single margin. 
It will be found on the more weathered portion of the rock and. in depres-
sions or slightly less exposed situations. Fcliose-lichen is more leafy 
in structure than the crustose stage, therefore, it may completely over-
shadow the latter and the crustose species will soon die and decay. The 
foliose species with its leafy structure has a better chance to collect 
and absorb water, and collect wind-blown particles, and humus is mot·e 
rapidly accumulated because of its less rapid oxidation. As growth 
continues, the lichens will make their environ~ent less suitable for 
themselves and a new type of invader appea:r·s. 
Mos§ stage 
As soon as sufficient a~ounts of soil is accumulated in depressions 
and along the margins of the rock, xerophytic mosses appear. The lichens 
are crowded out by the mosses, which benefit from the soil prepai·ed by 
the lichens. Afte.1: the moss plants have become established they begin to 
7weaver and Clements, pp. 66-67. 
8Ibid. 
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accumulate wind-blown and wate:r-bo:rne materials and they probably 
accelerate the disintegration of the rock surface somewhat, and so they 
start the building of soil. 
Probably the most impo:c·tant factor in succession is competitio...u. 
Because of changes brought about by lichens and moss communities, new 
species are able to compete with the old species for space. The mosses 
fu.rthe:t' contribute their products to the environment, and improve it to 
the point that other plants may then successfully compete with them.9 
As competition increases the moss stage is neB.l.·ly eliminated by the more 
successful plant species and a new stage starts its developnent. Compe-
tition will be discussed in g:c·eater detail in a later phase of the chapte:c·. 
Herb Stage 
As more soil accumulates, seeds of va:c·ious xerophytic herbs, espe-
cially short-lived annuals, are soon able to germinate. Plants such as 
goldenrods, asters, evening prim.roses, and milkweeds, as well as a 
variety of g.rasses and othet· weeds, are the herbs which grow in a climax 
forest a:i..~ea. The roots of these plants continue the process of corroding 
the rock, and each yeai, the humus from their decaying remains enriches 
the soil. 
The process of :cock disinteg:c·ation is greatly accelerated as tangled 
networ'( of roots increases and the soil becomes shaded. Evaporation and 
temperature extremes are decreased, humidity slightly increased, and 
drought periods shortened. lo As this stage becomes well developed, the 
9Benton and Werner, p. 110. 
lOweaver and Clements, p. 69. 
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herbs reduce the light which becomes detrimental to the mosses and 
lichens and this type of vegetation g:radually becomes fewer in number . 
.S~ ,Stage 
Just as mosses and lichens provided conditions under which the 
herbaceous plants could grow, so the herbs now do the same fo:i.· the woody 
plants. The soil has been enriched enough fo:c taller woody plants to 
flourish. These woody plants furnish shade and act as a windbreak:, and 
the moist1rr-e conditions of the soil and the air just above the su-cface 
a:ce improved •11 Such xe:cic shrubs as blac\::ber-ries, smooth sumac, and 
sassafras begin to appear·. The tendency is that the environ-nent will 
soon become mo-r·e mesic, that is, moderately moist, and wet a:i:·eas will 
become drier and dry places wetter. 
CJ.imax }[~ 
The first species of trees at·e :i::·elatively xeric. These trees are 
widely spaced, and are not very tall. But as weathering processes 
continue and the soil deepens, t:i:·ees increase in both number and '7,1igor.12 
The effect of shading by the tall trees soon make conditions intolerable 
for the light demanding shrubs and the more tolerant mesophytic plants 
replace them. .At this point, a new herbaceous vegetation develops in 
the forest shade, indi.catj_ng amoce mesic situatiom-and a richer· soil, 
and no longer can one find mnch evidence of a ba:ce r-ock. 
The climax fonnatj_on will depend on the area which succession occurs. 
The climax fore st may be dominated by hard maple and beech if the climate 
llBenton and Werner, p. llL 
12weaver and Clements, p. 70. 
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is such for the growth of these trees; or it may be characterized by 
Engelmann spruce and alpine fir if the succession occurs at the highe:i:· 
elevations in the· Rocky Mountains. 
Primary Succession In A Pond (Hyd.rosere) 
Pond succession is another exanple of primary succession. It too 
has distinct stages of growth. The iifference is that all pioneer plants 
are hydrophytic plants and. its commuru.ty is converted f.rom a water 
community to a dry land community. 
The first stages of plant growth are all submerged plants. The 
plants generally extend out as far as 20 feet and are entirely submerged. 
Among some of the more prominent plants which grow in the pond are water 
weed, pondweed., hornwort, etc. Plants such as butte:c·cup., bladderworts 
and eelgrass help to collect silt washed in from the banks after rain, 
which in turn wi.11 g~~adually fill up the bottom of the pond. At the 
same time the growth of the plankton and of other aquatic organisms 
adds organic matter, and much of this is deposited on the bottom. 
As silt and organic matter collects, plants such as water lilies 
become established. These plants have very large leaves which float on 
the surface of the water and will tend to shade the submerged plants 
eventually causing them to die and decay. These floating plants will 
reproduce along the pond margin and migrate toward the middle of the pond. 
The free water is changed to swampy land, the wate:i:· lilies and similar 
species give way to sedges and rushes, and these are subsequently replaced 
by heaths and shrubs. As succession continues the soil is fu:i.~ther built 
up, so that it becomes drier. Varying degrees of wetness may be found 
deperiding upon the prog-cess of development and ir:i."egularities of topography. 
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Depressions in the swampy land will make reliQts (a community or fragment 
which has survived some important changes) of the old comm.unity and indi-
cators of the former swarn.p.13 In time certain species of tt'ees will invade 
the area., replace the shrubs, and eventually full size forest trees will 
dominate the scene .14 
Thus, the area that was once pond bec.ames transformed into a forest, 
which one can clearly conceive when one follows the actual processes of 
development. The various stages at'e: subnerged plant, floating plant, 
reed swamp, sedge meadow., woodland., and climax forest. 
Cther Types of Succession 
In the preceeding discussion only two typical successional series 
have been outlined. They were primary succession on bare rock, termed 
xerarch., and primary succession on water., a hydrarch. Cther successions 
will now be considered in less detail. Students in High School Ecology 
need only to become familiar wlth the fundamental idea of succession. 
The study of xerarch and hyrarch succession will be enough to acquaint 
the student with dynamic community changes which are occurring under 
certain prevailing climates. 
The following are other types of successions: 
Talus slope 
13rbid., p. 63. 
Pioneer st~ 
Herbs: parsley., 
borage 
C.haracteri stic 
Coarse and loose rock 
fragments which break 
off from a hill or 
mountain 
14czeorge L. Clarke, Elements of Ecology (New York, 1954), pp. 432-
43.3. 
Sand dune succession 
Succession on 
R:i.ver Bars 
Bog succession 
Cause or success10~ 
Pioneer Stages 
Grasses: 
Mar't'at.11 grass 
Wheat grass 
Herbs and woody 
species: willow, 
cottonwood. 
Regularly followed 
by elms, ashes, etc. 
Herbs: 
Submerged and. 
floating plants 
much lL:e those 
found in ponds. 
Sedges, :rushes. 
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Gha;racteri~ic 
Strongly rooted grasses 
cause wind blown sand to 
pile up and will sometimes 
cover a fore st. 
Sand and silt is deposited 
in a river as bars or 
islands. Succession 
usually occurs rapidly. 
Abundant rainfall 
Evaporation low 
Little runoff 
Summers long 
Vigorous growth 
The dynamic state of communities of plants and animals, including 
the climax, is due to a number of agencies acting within them and upon 
them, Some of the agencies are physical, such as, wind and rain; the 
o:t>ganisms themselves b:t>ing a.bout many of the changes that are involved 
in succession. These changes are both destructive and constructive. 
Both the constructive and destructive changes can be b:rought about by 
biotic or physical factors, or both. The tendency is as soon as dest:ruc-
tion of a cormnunity occurs, forces begin to work to rebuild toward the 
climax stage. 
Some of the physical factors which will destroy life directly Ot' 
alter the environment e.nough so that the old coIDJ.D.uni ty cannot tolerate 
the new conditions are active valcanos, earthquakes, fire, flood, drough 
and severe storms. 
Biotic :factors are not as strong as the physical factors to cause 
succession. Man occasionally introduces a destructive agency by which 
communities will be altered. The .American chestnut was one of the 
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dominant trees in the forest biome of easte:i.~n No:rth America in early 
days of the country. Then a fungus, the chestnut blight was accidentally 
brought in, and in less than a half a century the species was almost wiped 
out. This is a good example of man being a destructive agency causing a 
climax com.rnunity to be altered. 
Role of Competition in Success.ion 
When two or more plants make demands, fo:r light, nutrients, or water 
and the demand exceeds the supply, competition always occurs. This is 
essentially the meaning of the word competition. 
Competition exerts a controlling influence in succession. 14 As 
vegetation develops on a bare area the first competition which exists 
between plants is in the soil. The roots of plants will compete fo.r· 
water and those which are the better competitors, that is, those plants 
which can tolerate less water and continue to grow, will be the survivors 
of. the community. 
As the bare area becomes covered with vegetation the taller plant 
gradually gains the upper hand, partly because it receives more light 
for growth. This can be illustrated in the different types of grassland. 
Short grasses, like bufflo, and grama grasses, are not abundant in true 
· prairies because of unsuccessful competition for light.15 Thus, water 
and light play a large part in determining the type of vegetation which 
will get started and grow in a cerlain habitat. 
Competition is closer between species which utilize the same food 
materials, than between those which do not. A grass will compete more 
14weaver and Clements, p. 164. 
15Ibid. 
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with a grass, than will a grass compete with a herb. 
The effect of competition on invading plants is very important 
before a community will become stabilized, that is, before a community 
will become a climax community. Vegetation will become stabilized when 
the establishment of invading plants is no longer possible. This halting 
of invading plants is the result of competition. The plants which are the 
better competitors are able to keep other species of many vegetation fonns 
from entering the area. Hence, the final stage of development is reached., 
once one type of vegetation can no longer be displaced by another. 
~ .Q.! succe ssi,sm 
If succession is to be recognized as universal and occurring in all 
habitats, it becomes necessary to ignore time to some extent.16 A more 
mesic habitat in a given ~limate will progress faster to the ultimate 
founation than one which is xeric in nature, especially if the habitat 
is bare rock. The two habitats will eventually support the same 
successional sequence of communities, but one habitat will progress 
faster than the other because of ce:t>tain climatic conditions, such as, 
wind, wate:i:·, humidity, etc. The soil would be another factor which 
would influence the rate of succession of a certain habitat. Seed 
sources available to the area would play its part in the development of 
a new community. Oversupply of seeds, producing an overstocking of 
certain species of plant would cause the delay of development of the next 
stage because of competition. 
It should be clear that the rate of succession is extremely variable. 
Primary succession is extremely slow compared to secondary succession. 
160 t· 2·1P: OS 1.ng., p. ~· 
An example is that of succession on bare rock, which must Wait until 
soil develops tht'ough either· the disintegl·ation of the t'Ock O:t' until 
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Wind blown soil materials accumulate on the rock. In contrast, secondary 
succession would be much faster in the early stages of developnent 
because soil is already formed., especially on fields abandoned after 
cultivation. 
PART II 
FIELD AND LABCRATC RY WORK 
Introduction 
This section contains laboratory exercises in ecology that 'Will be 
used when working in this unit. Most of the problems are designed to be 
worl{ed in the field, not in the laboratory. The field trips are devoted 
to the study of ecological communities, with emphasis on the successional 
relations between them, and on the co:i:-relations with environmental factors. 
Some problems are to be set up in the laboratory to acquaint the students 
with certain ecological principles which he will later encounter in the 
field. These laboratory exercises may also iEie used in case of bad weather 
on the days students are to go into the field. 
The field exercises are in numerical order. It is intended that the 
student follow the exercises in numerical order so the.t'El will be some 
organization in his plan of study. They are selected problems in field 
biology and the teache:i:- can use any exercise for special emphasis on a 
certain aspect of ecology. 
33 
EXERCISE I 
A :record of certain physical and edap.hic facto1.--s of the environment 
is important when studying ecological communities. The following exercises 
are to be used to measure environmental factors of the assigned plots and 
will be one of the first exercises students will do when working on an 
ecological problem in the field. 
Measurement of Environmental Factors1 
1.~ 
The most useful records of temperature are those made continuously 
over long periods. Since this method is seldom applicable in field 
ecology, the measurement of temperature is usually confined to compara--
tive methods, with one or several determinations made in each of two 
locations, as soil vs. air, or north face of a hill vs.. south face and 
the like. For such purposes, the ordinary thin-walled mercury bulb 
thermometer is a slli table instrument. The only precautions to be· 
observed are: 1. Be sure that sufficient time is allowed fo:r the mercury 
column to reach a steady level--usually one to two minutes. 2. Be very 
careful in inserting the bulb into the soil, especially if the latter 
is hard or contains stones. It is best to make an initial opening with 
a twig or sharp stick. For most purposes, the soil temperatu-re should 
be measured at a depth of 1 inch. 3. In taking air temperatu1'es, hold 
the bulb in the shaie. 
2. Htnnid:Lty 
Relative humidity of the at.mosphere may be measured by the wet and 
dcy bulb psychrometer. This instrument consists of a pair of matched 
the:rmometers, one of which is provided with a wick a:rouni the bulb. The 
thermornete rs are mounteci in a device, which provides for the circulation 
of air ove:c their bulbs. In a sling psych:rometer, this is merely a rod 
which may be revolved rapidly about a pivot. The cog psychrometer is a 
1J. T. Curtis, .P.J.a.n:t Ecolo,a ~ ~ (Minnesota, 1950), pp. 10-
13. 
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modified egg-beater, which revolves the thermometer bulbs in a single 
plane. The most accurate instrum.ent is the handaspirated psychrometer, 
which employs the ventui:·i effect to d:i:·aw a stream of ai:r· over the 
stationa:c·y bulbs. It may be used in very small spaces. 
In all types, the wick covering one of the thermometer bulbs is 
wetted with distilled water <the 1wet bulbt). The instrument is then 
operated by rotation o:r aspLration until the wet bulb temperature has 
:reached a minimum value, as dete:rnu.ned by frequent inspection. At this 
point, both dry bulb and wet tulb temperatures are recotded. Relative 
humidities are then calculated. f-rom the d:ry bulb tempe'l~ature and the 
d,ifference between the wet and di:·y bulb temperatu:res, by means of a 
relative humidity table (refer to J. T. Curtis, Plant Ecology Workbook, 
p. 13). 
3. ..s.wJ.. Moisture 
Measurements of soil moisture, like these of tempe:rature, are most 
valuable when conducted over the period of at least one full growing 
season. However, single measurements on any one day may be useful fo:r 
comparative purposes. The procedure to be employed is as follows: 
Collect the sample with a trowel o:c a. soil auget', place the soil in a 
small soil can, filling it about one ·half full. Take the sample to the 
labo.rato:ry, where the soil plus the container sholild be weighed on a 
triple-beam balance (total wet weight). Place the can (with the cover 
1:-emoved) in an oven at 105 degrees centig-rade for 72 hours or more. 
Obtain the weight of the d:cy soil plus the containe-r (total d:ry weight); 
finally obtain the weight of the container alone. From these figures, 
calculate the amount of water o:riginally pre sent according to the 
following formula: 
TQta1 wet we1 ght · total dry wei imt ____ _ 
Total d-ry weight - weight of container 
x 100 = % water content 
This fo·i:mula gives soil moistures on a d:ry weight basis; values above 
100% may be t'eco:r·ded for certain highly o-rganic soil. 
4, 99il Acidity 
The acidity of the soil may be measured in the field with sufficient 
accuracy for most purposes by the use of a colorimetric method employing 
a mixture of organic dyes which change color acco:rcb.ng to the relative 
acidity of soil solution. The samples to be tested should oi"dinarily be 
obtained from the A1 and A2 ho~~zons of the soil sepa-rately, where these 
can be readily detected 1n the field. In the case of prairie soils, a 
single sample from a depth of 1.5 inches will give useful values. 
Place a small por-tion of the sample in one of the depressions of the 
porcelain test plate p:rovided in the Truog Soil pH Kit. Add a few drops 
of the indicator solution, cover lightly with barium sulfate powder and 
match the color which appears with that of the color chart ·1n the booklet 
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pr~vided with the kit. A careful reading of the directions in the booklet 
will be helpful. The indicator solutions degenerate with age and should 
be readjusted or .replaced every three months. The mixture of dyes appears 
to be differentially absoi:·bed by highly o:cganic soils, such as peats, and 
should be used only with great caution on such soils. 
EXERCISE II2 
ECCLCGY CF .A SEALED COMMUNITY 
.A sealed community is one that is independent of the at.mosphere. 
The purpose of these obse:c:vations of a small sealed c9mmuni ty is to help 
students find the answers to the following questions: 
1. Can organisms survive without an outside supply of air? 
2. What is the function of the chemical indicator? 
3. What is the :relationship of the plants and animals to each other 
in a sealed community? 
4. Can animals alone, or plants alone, SUt'ViVe in a sealed 
comm.unity? Why or why not? 
5. Why do we use pond water instead of distilled or tap water? 
6. What organisms .might be present in clear pond water? 
.At least 4 soft glass test tubes, 6 x 3/b" or longer 
,'.l:'e st tube rack 
Buns~n but·ner, with hot flame 
Small pond or aqua:dum snails 
Elodea, Cabomba, o c a filamentous alga 
Brom-thymol blue solution 
Prn cedu;r:e s 
I. Preparing the tubes 
1. Take the open end of the test tube between the thumb and first 
two fingers of the left hand, and the closed end between the thumb and 
2Arnerican Institute of Biological Sciences, Biological Sciences 
Curriculum Study,~ School ~iology "Green VersiQJl. 11 (1960) pp. (2) 
3-1 - 3-3. 
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first two fingec·s of the '.eight hand. Hold the tube par·allel with the 
table top. TTse the :r.·ight hand to rotate the tube in a Bunsen flac-ne 
just above the blue cone, Figur~ 2 (la); keep the heat confined to one 
area of the test tube, which should be a spot a little over half way 
up the tube. Heat until the flame around the glass is O'.range and the 
glass has a tend.ency to sag. 
2. Remove the tube from the flame and in one motion pull the tube 
into an hourglass shape, Fi gu:re 2 ( 1D), leaving the constricted part 
wide enough for a snail to pass through. Place the tube in the test 
tube race and allow it to cool at least ten minutes. Make four such 
tubes. 
II. Preparing the f~acquariums 11 
1. Tn each of the four tubes put in clear pond or aquarium water 
until the lower po·rtion is about half full. Add 5 to 10 ml of B:rom-
thymol blue to each tube. To tube No. 1 add one a~all snail; to tube 
No . 2 add one small snail and one piece of Elodea (or filamentous algae); 
to tube No. 3 add Elodea or algae; do not add anything to tube No. 4. 
'i'his is the '6ont1:0L" Figure 2 (lC). What organisms might be p.'.resent in 
this II Control"? 
2. Dry both the inside and outside of the constricted parts of the 
tubes 9~.J_etely. Tise great .~ not to allow water to wet thl.s portion 
of the tube. Again b:ct.ng the tube into the flame, and heat the const rioted 
po:t'tion near the top, being careful not to heat the liquid. Figu-re 2(1D). 
Rotate it and pull gently until you can pull off the top of the tube, to 
seal the 11 aqua!'ium. 11 Caution: llQ. .llQ:t allow the liquid to touch the hot 
part of the tube . 
J. Stand the sealed tubes in a test tube :i;,ack until cool, then 
test the seal by turning the tube upside down. If water tight, place 
it in a medium light, .mt in di'.rect sunlight. Mai{e obset'Vations each 
mo-c·ning and afternoon, and :tecord any observed in the colo-c· of the 
indicator and condition of the plants and the snails (reference Figure J). 
Qµestions 
1. What can be concluded from your data? 
2. Now answer question 1-6 proposed at the beginning of the 
expe.riment. 
3. Is tube No. 4 a true control? Why o:r· why not? 
GJ 
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Date Time 
a.m. 
p.m. 
a.m. 
p.m. 
a.m. 
p.m. 
a.m. 
p.m. 
Tube I 
Snail 
FIGURE 3 
GAS EXCHANGE CHART 
Tube II 
Snail & 
Plant 
Tube III 
Plant 
Tube IV 
Indicator only 
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EXERCISE III3 
A STUDY OF TERRESTRIAL COMMUNITIES 
PLANT COMMUNITY 
Introduction 
The pu·rpose of the field and laboratory work described below is to 
show the diversity of plants and animals in nearby fields or forests. 
We will also measure the abundance of the more common organisms, calculate 
thei-r densities and attempt to evaluate their function in the community. 
Finally., we may, if the habitats are available, study the distribution 
of plants and animals in a many layered community. 
Select1 on· of Site and Qonstr:uction of Quadrats 
The fi:cst step in this exercise is to pick a study area that is 
convenient to you:c school. If the class is large enough you may want to 
study two sites; one might be a simple community while the second is more 
complicated. Then you must pick a precise site for study. 
Materials 
A 10 meter long plast:i.c clothes-line, :rope clothes-line., or heavy 
cord on which you have marked 1/2 meter intervals • 
.f.rocedu;r:e 
Select your sample site and use the 10 meter line to measure the 
boundaries of you.-r sample quad rat ( square-shaped areas within which you 
will count and study the organisms). Now determine by general obse:rvation 
how many layers of organisms you-c· community has (tr-ee canopy., unde:cstory 
t1:·ees, shrubs, herbs, soil). For the vegetation you may wish to use th:cee 
diffe-c-ent sized quad -cats, as follows: 
1. Tree quad rat. A square ten meters on each side., within which 
3Biological Sciences C1uriculum Study., HiJuJ, ~Q.l, ~Q..5'L."il.m~.D. 
Ve.rsion" (196o), pp. 4-1 - 4-3. 
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you count all t:i.~ees that are more than fou:c inches in diameter 
at breast height (d. b.h.). · 
2. Shrub and sapling quad:cat. The size should be 2 x 10 meters 
and within this you count all sh1·ubs (low woody plants) and 
all young trees less than four·, and more than one, inches 
(d.b.h.). 
3. He:i:·baceous plants and t1'0e seedlings. This quadrat should 
measure 1/2 x 2 meteT·s and here you count all he:rbs and tree 
seedlings. You can also estimate the amount of the ground 
that is (a) bare, (b) cove:c"ed by fallen leaves (litter·) or 
(c) covered by lichens and mosses. 
! 
i 
t't"' .SHRUBS~ 
./ TREES > :, 
~HERBS__, 
~--·· - . 
' 
The quadrats which are app·rop:riate fo:c your habitat should be marked off 
using stakes and st:ring. If you use all th.ree kinds of quadrats this 
ar:rangement would appear like the diagram above. 
Area Tree Counts or· Tree Quadrats 
Counting all of the trees in a definite area is a standard procedure 
in small forests, while in a larger forest definite quad:rats may be set 
up. By dividing the number of each diameter class (given below) of each 
species by the total number of trees counted, one obtains the frequency. 
The size of the area may be varied, depending Up:)n the type of fo:cest. 
The area is always larger than that employed for· herbaceous plants since 
trees do not mature so cJ.ose tog"ether. A quad:rat 10 meters on a side has 
been found. convenient in temperate :regions, although local conditions may 
make some other size more useful. In many studies the figures are expressed 
on the basis of certain unit areas as per hectare, pet· acre, pe-r tenth· acre, 
or· other unit. A ve-;cy common pcactice, particularly in forestry, is to use 
areas 66 feet long and 66 feet wide (equals 1/10 acre) in which the height, 
diameter, and the kind of trees are all taken. 
Where statistical studies are planned, any definite area may be charted 
in acco:cdance with the following s:im.ple procedure: the area on the g·round 
having been laid out, strings or small ropes at suitable intervals are run 
through the area. A team of two students charts on cr·oss-r·uled paper the 
exact location of each tree, giving the name and diameter. Such areas are 
:eechartea. at latet' periods to show the histo-ry of the area. Mete-r quadrats 
may be located wj_tlun these areas to ·c,eco·ro the g-round plants as well.4 
Classification of T:c;ees As to Their Diameter and Height 
(1) less than a foot.· 
(2) More than a foot, but less than .1!! in diameter. 
(J) 1 11 - ~ in diameter. 
(4) ~ - .2~. in diameter. 
(5) .2'~ -· 15.'.'. in diameter. 
(6) Over~ in diameter. 
4Fran1c C. Gates, field M~ 9f .Plant .E~Q].QQ" (New York, 1949) p. 32. 
EXERCISE rv5 
POINT-FRAME METHOD 
A framework containing pins (figure below) is used to sample 
vegetation lower than the frame. As the pins are pushed through the 
holes to the g.round, each plant species hit is counted. This method 
has been used most widely in grasslands but can be used in other types 
of low vegetation as well. The most satisfactory :recording of results 
seems to 1:e the number of hits for each species pe.r 100 points taken. 
Procedure: A. Students set up the point-frame ten different times. 
At each sampling place, push each of the ten pins in turn through the 
hole until it touches the ground. Reco.rd opposite each species in your 
list the number of hi ts ft'Clm 100 pins. Count only those species actually 
touched by the pin. 
B. Make a list of species with those with the highest numl:e:i.· 
of hi ts pe:c 100 at the top. 
C. To what quantity previously discussed is this number most 
comparable? 
D. Compare this method with others used, 
1 
. .Apparatus for taking poj_nt quad:r-ats. A pair of side a:i.·ms may be 
pr'Clvided to tilt the f:(;·ame 45 degrees. 
5Edwin A. Phillips, Methods Qi: V~g§tatiop ~ (1959), pp. 39-40. 
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EXERCISE v6 
A STUDY CF TERRES"l'RI.AL COMMUNITIES 
Field Collection and Study of .Animal Communities 
The second part of our field studies concerns the animals and their 
functions in the community. There are four parts to the field wor.k" and 
teams should be assigned so that all the jobs can be done. The four parts 
are: 
(1) Collection of soil samples to be taken to the labo:t'atory where 
the ve:ry small animals will be removed;, 
(2) Collection of the macroscopic animals from the soil surface in 
the field; 
(3) Collection for the flying insects and. related invet·tebrates; 
(4) Collection or observation of the vertebrates. 
The site for these studies of animals should be the same as that 
studied earlier for plants, so that late:i.~ all the organisms of the 
c0mmunity can be related. 
Collection P.1 ~~ Sa~pl§J!_ 
The next step in the comm.unity study is to collect soil and leaf 
litter samples f:com which we can extract minute ar.dmals. One team may 
collect the :hy~1· of undecayed plant leaves from a quadrat i-mete.r on each 
si.de. These leaves should be sealed in a small plastic sack (and. prope:cly 
la·beled) for transportation to the laboratory. .After removing the undecayed 
leaf litter from the plot, cut a core sanple of the mineral soil down to a 
depth of b-10 centimeters. This cor·e can be conveniently taken by using an 
orange juice can of about 5 cm in diameter. Be sure to seal this sample 
in a plastic sact.:, and label. It would be best, if tirne pe:rml ts, to take 
sevet•e.l of these soil samples. When you return to the laboratory each 
sample shoul~ be placed in a funnel, the neck of which is suspended just 
above a small container of fonn.aldehyde. .Above the funnel a small light 
bi3ioloErical Sciences Curriculum Study, .Hlih ~hoS2,l Bio:;I,g_gz "Green 
Jle.l:~11 (1960). 
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bulb should be fixed so that it is several inches f·rom the sample material. 
This light and heat, plus evapo·C'ation produced ftom the light, forces many 
of the organisms in the samples to move downward into the prese:cvative. 
This method is especially satisfactory for the collection of mites and 
small insects li're springtails. It should be noted that after the soils 
have been heated fo-c· about 7 days, thei·e is little likelihood that any 
::no re animals will be obtained . 
. Qollectio.n Q1'. Mi;croscopic .,Sq.i.J. Animals 
.Anothe:c· procedure in ou-c· habitat analysis would be to capture and 
count the mic:i.'Oscopic animals in the soil and leaf li tte:r.. A convenient 
sample quad.rat ma:cke:c might be made f·rom a clothes hanger bent to form 
a circle, a used bicycle rim with the spi;:i-t..es removed, or a hula hoop. 
Any of these will give a convenient, standar~i boundary for the sample. 
The device is tht'Own down at random in the habitat. The students from 
one team then capture and p:rese·C'Ve ..iaU animals that they see within the 
enclosure. Two samples can be taken "Within each hoop: (1) the animals 
found in the o:rganic materials (litter) on the soil surface, and (2) the 
ani.c'!lals captured in the mineral soil (say f:rom 0·--10 cm depth). The 
bottles containing these samples should be plainly mar~ed with a soft 
pencil as to the kind of sample, as well as date, location., and team~ 
.Q£llection Qi.: Elying Insect§ 
Study of the flying insects can be done by use of a sweeping insect 
net. You might take 48 sweeps with this net by making one sweep with 
every step you ta.Ke in a straight line. This sample may be considet'0d 
roughly equal to covering 1 square meter. 1:p:i.cily close the net and 
place it inside a large plastic sack into which you pour a few drops of 
3 :1 mixture of gasoline and chlorofo:rm. (DANGER: EXPlC SIVE!) After a 
few minutes the contents of the net can be sorted and all the animals 
placed intb a jar wl th pre se rvati:ve . Label it! 
QoUe.ction .Q.;t Observation .9J: ~brats s 
The vertebrates of a habitat are mo:ce difficult to study. T11.rning 
over rocks, logs, 01· metal objects on the surface of the soil while you 
walk th.r'Oug..11 the area may 1'.'esult in a collection of amphibians and 
:reptiles. If you move logs o-r stones 1:e certain that you -retu"C·n them 
to thei :r original position so that you don't 1.·1J.in the ha.bi tat fo.:r· the 
o-rganisms that live there. 
If binoculars are available, you may wish to catalogue the kinds 
and :cela.tive abundance of birds in yoll"L""' habitat. If possible you might 
also keep records on the laye:c in which you see diffe:i:·ent species. Fo.r 
example, you might reco1.·d oven bi·cds in the shrub layer 4 times, and on 
the floo:r 2 times, while the :red ··eyed vireo might be seen 9 times, always 
in the tree canopy. 
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It is even more difficult to study the mammals. Some idea of the 
mammals present can be obtained by studying their tracks .. If soft sand., 
mud., or snow are not present you might add sand on a trail to cover an 
area of several feet. On this you could study a:ny tracks left by 
animals using the trai.l. The a'llall mammals can be killed with small 
mouse traps or w.L th some modification to catch the animals alive. 
Shrews can frequently be caught by burying a tall can so that its ·:top 
is flush with the soil surface and by baiting it with some meat. 
When you have finished yout' animal collecting tt'ip., you will have 
collections of animals ft'Om the soil sucface (litter)., the mineral soil 
beneath the surface, of flying insects on the low vegetation,and of 
vertebrates. These orgam.sms will next be used by your class to study 
the dive t'si ty of· animals and the classification of animal g.r'Oups. How-
ever., after you~c study of animal classification and divel'Sity., we will 
want to ·cetu en to a di scusslon of the plant and animal com.nmni ties. 
Thei:·efore, it is IMPORT.ANT that the animals f·,.-om each of the kinds of 
samples be kept sepat'ate. Later, we will want to count the various 
kind.s of animals in each of the sa11ples. 
Kinds 
of 
.Animals 
DAT.A SHEET FGR STUDY CF ANIMJ-11, CCMMUNITIES 
SOIL EXTRACTICN 
Mineral 
Soil 
leaf 
Litter 
Types of Samples 
SCIL MICRCSCOPIC 
l?CRHS 
Mineral Leaf 
Soil Litter 
FLYrnG INSECTS, 
ETC, 
KINDS 
.Amphibians 
Reptiles 
Birds 
Mammals 
DATA SHEET FCR STUDY CF .ANIMAL CGMMUNITIES 
VERTEBRATES 
LOCATION WtlERE OBSERVED 
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EXERCISE VI 
THE STUDY CF SECCNDAH.D SUCCESSICN 
BY THE DENUDATION QU.ADRA'r METHCD7 
.A denudation quadrat Ldeally is a sample plot fr-om which all pre-
existing plants a:ce :i:·emoved .. In pt>actice such quad:cats are ext:cemely 
difficult to p cepare because of the great nurnber·s of small see,is in the 
soil at all times. Hence the usual procedure is to ~cemove all vegetative 
parts of plants, including roots and rhizomes. Various tor:·eat.ments may 
be applied to the denuded qua:Lcats to study their effects on the resulting 
succession. 
Prepa~C'e three <ienuied qua.drats, each one metel' squai:·e, in an abandone<l 
field o-c· hayrneafow. Apply 50 grams of 6-12··8 commercial fel:tilizet' to one 
quadrat. Sow 10 grams of oats on another· quad.t>at, covedng the gt·ains 
lightly by l·aking. Allow the third quad:t'at to :t·emain untreated. Stake 
out a f'ou·cth quad rat in a nea·t'by non-denuded area to se:r-ve as a control. 
Secondaroy successions proceed rapidly by comparison with pr·"'.1.mary 
successions but slowly by compai:·ison with a school semeste:c. Acco:i::·dingly, 
it will be necessa:c·y to ma,;e yom:' observations on similar sets of quad:rats, 
pi:·epared by ea:dier generations of students. Detecmine which species a:ce 
present in each quadt>at. Classify the species as to annuals, biennials., 
o:c perennials. WhJ.ch had the greatest effect, ad,iitional cover or· additional 
nut:cient? If a sufficiently long series of quadrats exists, can you estiraate 
the time necessary for the denuded quadcats to retu·rn to thei:r original 
condition? 
7 J. T. Cuctis, p. 22. 
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EXERCISE vn8 
A FIELD AND LABCRATGRY SI'UDY 
CF VARIATION IN PLANTS 
Int:c'Oductlon 
The purpose of this phase of the laborato:cy work is to enable 
students to recognize differences and likeness in plants and to learn 
about the intense competition for life that exists among plants. 
What are some of these kinds of plants? How do they :ceproduce, 
obtain water, and compete for existance? Which of the plants are 
commercially valuable in medicine, agriculture, or as a so1rcce of 
clothing and shelter·? Which of the plants might p·rove valuable if more 
could be learned about them? Which are poisonous, ei the:r f-r'Om being 
eaten or i'r·om skin contact? 
Finding answers to problems like these requires research, and 
progress from :tesearch in science comes largely as a result of scientists 
working individually or together, t'epo:C'ting the results so that evet'yone 
may benefit. This laboratory section is organized in a similar fashion, 
so that much can be learned in a limited time by utilizing the talents 
and skills of every membe:r of the class. 
Materials 
1. Various forms of selected plant groups. 
Pro,cedu;i;~ 
A. The class may be divided into teams of no mo.re than 4 students, o:r· 
a student may work alone. Each team or individual will select one of the 
plant groups listed on page 53 or one suggested by the teache:c·. 
1 Consult reference manuals to learn how to recognize a member of 
this plant group. Reco:ed the p:dnciple characteristics fo·c field :t'efe:r·ence. 
8Blologi.cal Sciences CucTiculum Study (1950), Ex. 4,J, pp. 1-5. 
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2. Collect a number of different plants that belong to this group 
( ten or twelve). The collecting may be done aftet' school o~c over the 
weekend if class time field trips cannot be arranged. 
3. As you collect each specimen, ca-refully reco-rd the following 
information: 
(a) Locality whe:ee found. 
(b) General desc.:1ption of plant, including its size, leaf 
st.:'llctut·e, pt·evalence in the area, color and kind of 
flowe:i.~., o.:· whatever information seems of value. 
(c) Kind of terrain; open mead.ow, hillside, desert., mountain 
top, etc. 
( d) Apprnxirnate elevation. 
(e) Whethe:t' the plant g-i:uws in the shade or in direct sunlight. 
(f) Soil characteristics; hardpan, soft lo~n, sand, etc. 
(g) General desc:ription of other vegetation in the area. 
4, Find both the common and scientific name of each plant from 
picture guides to the local flora of by consulting your instructor or 
some other person who has had experience in plant identification. 
B. The results of your wo:i:·k a:ce to be presented in the following manner·: 
1. Construct a plant 11key11 along the lines of the 11 Sample Dichotomous 
Key" using only the· characteristics that you have observed, includ-
ing the general kind of habitat, the structural cha:racte~lstics 
of the plant, and other information that may be of help in 
accurate identification. 
2. From a consideration of the different plants collected by your 
team, write an "ecology repo-rt" on the particular plant group 
giving the soil, wate:r and sunlight requirements of this group. 
T:cy to d.ete:cm:i.ne how these plants r·ep-coduce and how they are 
able to flourish in theit· particular envirom.ent. This will 
requ:Li:-e careful observation and cd tical examination of the 
plant in all its c-elationships to the physical and biological 
facto rs that surt'Ound it, In addi ti.on, consult :i:-efe rence 
manuals for ini'otmation on the comme:ccial impo:i:·tance of the 
group, if any, 
3, P:repa.re all wrl tten mate:c,ial on ditto masters so that othe:c 
members of the class can receive a copy. 
.A ~w Su."liest1ons ]'...Q.J.: ~ G;r:01ws 
1. Evergreen conife:cs. 
2. Deciduous t cee s. 
J. In:iividual families of d:i_cots, e.g., composities, leg1i.rnes. 
4, Grass fa'llilies. 
5, F'e:rns, club mosses, horsetails. 
6', Mosses, liverwo:cts. 
7. Algae. 
b, Fungi. 
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